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PROBLEM TO BE SOLVED: To freely adjust the biased 
reference level within a chip to improve sensing margin and 
reliability by additionally providing one or more redundant 
cells of which reference cell array corresponds to the bit line. 
SOLUTION: As at least one or more redundant cell arrays, a 
reference cell array 50b is provided. When the reference level 
data offered to the reference bit line by the reference cell array 
50a is deviated to the level corresponding to the data T or '0', 
the reference cell array 50b as the redundant cell array is used 
as a means for compensating such deviation. Thereby, when 
the reference is biased in the level corresponding to the data T 
or '0', the biased reference level can be adjusted by the 
redundant cell array and thereby the stable sensing gargin can 
be obtained. 
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[11*51] 7-h"7-fy, ¥y Yy4 utriBr? — 
ffczti. tfiuxj b7>isx?-<nfflmmm\-i 

tfy Mc*tJ&-f •5l"<>i'. *:LT-^— * tfj/ He**** 
ffr-fS U"<;KD5pi^lx'<^g:^--t-5 y 77 i/V^ l^/l* 

tlftt5fc*©P 77 U^-tr^u— 

sijiEy 7? i-v^-tr/i^u-is, fffiet's/ f- 7-fvi;* 

^f-f 5Ci tioTMiay 77 WTiV^tVftf— $ £ 

yY<r>oh, 1 rfriRj-C^ 7* $ft5B§. fJlS'W77. 

i fcE*©*fMStt;* =e y ^g„ 

[IS*53] fltiiHf y h7^f vt^iay 77 u-v^-tr 

/HDifctt. 1 : lT-«j#£ft£Ct£#^t-f6f«*JS J<? 

i fcBE*<&JFiM5tt;>< y sug,, 

[W*«4] 7- K7-C V. f y Y5<( y, miB7- 

U ^iHfSflS^^i'^^^O 1 o«^S^I4M-)S-f5^ 
-f y^v^ h^i?;** — £«LT*-|-(£:-f5 YyJ 

y&&wt$ti y fo<n&m*ttfc-?%>-t>i'Wm7-< y\zm 
<?c$*i. mu*<( v<?y>r v y^vxt-nfflmmmit 
»jesi-S7- K7Y wc^sns^y -tr/KD^^-y 

ffiiB^y-Jr/noS*). SR^ivfc^^y-fe/KO-r-^ 

v^.)v<n^-'^\y^<)V^:^-fi> !)7r uv;* i^^p 
£gtfAixt\ SJR^nfc^^ y -fe/KO-r 1 -^ f y r-<*> 

fllHf s» h^-f v{c#>»*}-ic£:-tSlg»oy 77 i/^-t: 
^SrA^SU, ^faiS^niHlSS-CfilBy 77 uy* i"<j\s% 
Stt-t-^fc^coy 77 U-V^i?^7 u-i, 
fuses' h7-f>ir^|By 77 l^^^-t/KDtfctt. 1: 

i r-t, *) , 5(7 
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ft-fe^iSrA^it, SfilE y 77 i-v* t"</i'i?7 ? — ^ t'j/ 

v y* ±/u itt&i- 5 ^fBTCSt /uT?«#-r 5 r. t \z i. 
ot, ftfiia>'^'r7^$nfcy 77 i^v7.u"<;u5r^i]E-t" 

£/*-ygg. 

/K Xtt4>fc< b 1> 2o£<Jt05i:fi-fe/H4, MEy 7 7 
B*<0*JWSH:* * y 

[0 0 0 1 1 

7^-fe^^^ey (ferroelectricrand 
om access memory: F R AM) 

^ty •t;Kca?^$nfc7 ? ~^^S?»(c-t5 u^usrpg 

flff* 5 y 77 l^V^-fe/U7 U<— (reference 
cell a r r a y ) StxOT?^^. .. 

[0 0 0 2] 

(hysteresis characteristi 
c) *Sf PZT©J:3*ttB«#tt*<Dtefflfc«LT 

[0 0 0 3] Sf|t^^/^t^>f7fy^h7y 
^ (Cp :Ferrelectric Capacit 

or) <om&fift&#;mz£^x7 : --?to%tmtfift#im 
( 'i* xij 'o' ) ifi-jn-rs. /<^j$r 

C F ^i^«(CSff^Bl^D$ix5^, m# (e 1 e c t r 
i c f i e 1 d) *lfttCj:oT5SR«fr«5jtiS»ff (p 
olarization) ^coi 

yfy??. U-ya/U KSffi ( s w i t c h i 
ng threshold voltage) 
ff (coercive voltage) i 
[0 0 0 4] ^rUT. >*y-1r/U{cffa$nfc7 ? - 2 ?^ 

^oroWiB^fpNOs. 63-201998 an 



3 

d 1- 1 5 86 9 1IC, tUiftj:- "A 2 5 6K 
b Non — volatile Ferroelect 
ric Memoryat 3V and lOOn 
s" (ISSCC, Digest of Techni 
cal Papers, pp. 2 6 8- 2 6 9, 1 9 
94. 2R) -fc»*3*vC^a. 
[0 0 0 5] Hi 14. 1 T/l C%.&m,W*=eV±A'$; 
*"f. ^DtMCB. lo»x-fyf>^h7y? 
^-T r i 1 o05iiS($c F (1 -If? hSfc t> 1 
- h7^i/X9-RUl -=Sf + /*s^ : ! t/IC) t /0 

itft*t^C F raiO(OlSt t'y f.7-f>BL 

[0006] §2ti, sssstt^Y'^^rot^T- !/* 

#i4^t^7 7ffc5„ ^77<7>$W|f) (a b s c i 3 
s a) 14. **/^:?©2 0<D®Si<Z>IiB£>:g&g, HPfe 
* + MS ©SEE (volts) Sttt (o itf 

r d i n a t e) 14, 3t$S®flc4&fC© §3S#® (s p o 
ntaneous polarization) Wo 

C/cm 2 }?r*t. 

[0 0 0 7] 0 V©«flEASBUD$il-r9»«*fl:»K"CW 

(polarization domains) (4. 

Lifct". *-V^v'^[S)«cO®jE^IEi75 
*l«ilti|JDi'S«f. (XI4«fifft) 14. 0 (ze 

r o) *»b3E©^®^rt<D^A*-Cii^t* 5. £A .70 

*«tft*ffit**-5J: 5KfcS. w Bp*, 
»R«#*Jt«««frt5««r(D*HtQ s * 

[0 0 0 8] 5fc»Bfl«KJ:oT»R«{MMt 

(I2f«2 1) . ^CT-, ! &ffim.#%l'%<n±T 
©K^-Vtt, ^AT-W^H^(6]tSM^*(6]{C^1i$ 
*l5„ iOB§, ^@S(4-Q s T-^^ix, df--*/*^ 

*ffitt0*-eT#b1*t^DtB*5. C©P#©g@# 

[o o o 9] m,fr&m±-rztz$>(7>mE.fr* z-o<nm& so 
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i®aWniSii5fc, Hlt«ii7p-7-(vm (f 
loating state) iCi^JflTtS^I 

MfW^ffiS^f (surface charge) tiM 
iJUf lc J; o T SISKifefoixS £ t Htftlf\ #®aa* 0 fc 

(6)l4-?r(DS^$i^^tt5„ 

[00 10] St, F R AMC0S^/SSffli4JbstiOJ; 5 

fS(±JEEPROM^7 7^->-3.^^y ttfc«"t-5^. <fc 
[0 0 11] H2«r#ItSt, ^«*tffi*^B 

jE:Vcc) *5 r?_ K7-f , VWL{CEnjQ$ix5 - tfcj; 
oT^^7f>7f-7V^?-Tr^/fy$^, ^rb 

TA^mffi (-vc c) iftifs' i-7^yBLtyu-h 

7 -r v P L LTSSRSft:* +• Cp^EMo 

r *ILte •>> (-^^yBLiiUl^t^^CF 

[0012] mitfi^ (charge transfe 
r) 14, tf y h7'(yBLt&ffiZixrz®%l®®& (H 
4#aa) tiotftmSfi, ; e*L(4x-^ffl 'l' 

L±col^— (Of-? '1* 14:/ I- — h7-fypLrofff 
£Tff ttioT^ti; t/HUCKHfii (wr i 
t e back) W&&Dfr 

everse state 
transient) -t"5„ 
[0 0 13] £35, #ffi#ra#J&DKfcS + 

c f \zt?-? 'o' a*tt»s*i;fc#&. 

©<fc5iC, iS5«£EU"<y> (r^T*, SiimffiVcc) # 
■<>BL t7\s- h7J lsPL£&LX%ffl%.W*Jr'< 



(4) 

5 

ICfcoT&IU^ft, *Nh,tt7-*ffi '0' 
M C K til $ C t £ . 

[0 0 14] £O#«F0>a#0>*D»$:#o-C^«#fctt 
J;<*0t>4x5<t 51-, 2 T/2 CTJ^fci, /^'Jt/no 
MUSI'S !)7 7^*/l' ( r e f e r e n c 
e c e 1 1 s) tfim*£tl51tlt>. &*«5£gtit#;< * 
!/K*ttt^«Tf*>5. SB. 1 T/l C#5*;tt#&<7> 
*^y ir/McSj-jfc-f 5 !J77 u-v^-feyHiPt lo/d'tt^ 

[0015] l;j>u ^ y -fevMcatfS-t-s io 
^t/7 7W-f y^Mi' y/^tt (s 

witching/non — switching ch 
aracteristic) -f V^fcfifr : 0 2 
©21^2211, 2M-< s^y^ft- : @2<Z>2 3 
W2 4) fcS-75(C«S (biased) ^0 

*^'^*<7>^ttri*;Fl&-)fcy 77 

V±fr<D J r—?7x.'(fr (data fail) 

[00 16] Witf, H3{c@*$ix5J; !)77 

f>;*l"</ua«**— * ' l • U"</HC«5» 

Xtt'J 77 H'* U"</uas-r— * 'o' {cSttfc-f- 
tfii* * ft 3 fc* T-ii ft < . ttRtttt;* e y Slgo^SB 

t?, Xtt^SPT-^Z^tlfcy 77 V-r<]V (b JO 

iased reference level) COpf? 

[0017] 

L«fc 5 fc-f5&®] &ot, #3S9!«7>Btf) 
14, ffitttt©|S|±Lfc»tt«{*RAMSttfctttM-a:: 

[o o i 8 ] *»w©te«>aWH:, ty-yv^-^y 

©|S|±Ufc3tl«*#RAM8««rlftHt"***i4:-C*>S. 40 

[0019] *%w<nm<v ^jrxZtnz (b 

iased) V 7 7 ^ ^7% l"<fr j/ yftSBT* g * 

STCft (redundant) t;U7U'- SrA 

fltbfc»»«flsRAMS«ft-»fft-rSCi:-e*>S. 
[0 0 2 0 ] 

v. fyf-7-fy, 7- Z±frWfe7 
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JS-TSf *s h7>fy|^^ix, 
y^^-©MSiWt5 c— Ky'f ytsffi^ 
SJR^ixfc/^ey */urof- * fy bicttfc-tz 

fry tLTf-^fs/ HC&^ftjfc-f 5 v<fr<imi§\s 
^^rttS y 7 7 u^/i'&SttAtiT, 3tiR£ 

i, f^/h7'fy|:^•*S)^;t5S^!)77^y^t 

-"-fcAilU J&ftilHlB&T-y 7 7 l' , /7 l"<7WS:ftfc-f 5 

fcft©!)7 7l'y^t^7l £2r-£^. i)7 7 [/^ 

Wk-ttt'y f>7>fy(C#*Mt5'>4< it 1 

7 H'* 1"</U#7*— > tT b<0 0 1 TjfttV^ 7 

xztizft. '<■< T7 £titz y 7 7 t^y^ is-^fr&ffiiE 

[0021] ^©a* b^*«fcS3^T, *fs»h?-r 
leanest- 5 y 77 t^y^-t/i-t 7L*-fe/H4tii:ji5ffi 

[0 0 2 2] £©a*LV"1»«fc:J8^-C, f5-h7-fy 
#y 77 ls>X±fr<Dtttiy 1 : lXMf*J***i5 0 
[0 0 2 3] tte^WliDWaSi, 7-K?-f 

-fy. ; ?-LT#-*Wt^t^i^-l'yfy^ 
h^y^^-^HL, 3£SI®tt* + low 
Sffi^JS-rS^-f yfy^ h7>^^-^iiLT*J- 

^s?* 5 17- K7>f vtcfttt* 

* y i?7K7>^ ^E- y U — ty t^V -Kfrfto 

^. ^UTx-^tfy Hc3-*#tS-t'5 i^^t/KTJjp^i^ 

^?rft5 y 77 yy^ y<>?rSitAiir, muz 
titz*ic>j ±fr<nf—? tr-y h<D ly^fr^^j^-f-^fzit 
tofl&toM'&hy t's> h SH^coy 7. 

7 u-v;*.-tevi-& : Wiiu ^*o[H]ssr*y 77 i^^u 

£r^#rf Ztztb<D V 7y isi/y^-t /ut l — &U\ f f- 

7'fyi:!J7 7yy^t/Kon:ii 1 1 : n-fco, ^-t' 
A-OIL, y 77 yy^ y^5f-^ f y h ©h, 1 

#(6]fc><-f T*£;h,5f$, fttllBi; 77 \s\,?y V<fr*ft 
fcTZ%&±frT-ttW-fZZt\C£<>X'<<fTXZtitc 
y 77 l^y^ ^-</y?rffiiE-r5fc«>«7>7Lfi-tr/UT t — i 

[0 0 2 4] C^a*U^^lw*5V^T, 45. try f* 7 
>K»«1-SJ£ft-fe/U, XJ4^ft< it2o^±W7L5 
"t/Hi, y 77 IsSX-tfrCOl&ffin&lr *rs*is?ff)fift 

[0 0 2 5] iOa*UV^1»«lC33V^r. Jtfi-fe/ytt, 



T 

10 0 2 6] icoj: ?^iflcj:-oT, ^r^i' 
titzV 7r u-^.x-fc/i'&Ttgy 7r I'V^t^fHSf 
10 0 2 7] 

[0028] §4, 15, &tfH 6 &#B3-f 5 i, #3§ 
K<Z>!£^®&RAMiSgl4, <>t£< th\^>ikJc<r>%9: 
t/U7^5 0b^»L, "KML-tfrTl — 5 0bf4y 

7r i/v^t^n — 5 o afft-fS-f & P7r t* 
■y h7-YVRBL j T-$g&£*l5 !i7r t->-* V^/Vfr 
7-? ' 1' XI4 '0' l:^t5^/H:fi5S^, 
^tiSr«IE-f LT^^S. iixfcj; 

oT&^®#RAM$Sgl4, 

[0 0 2 9]@4 £#BB-t-& £ , *|g-»«>a* LI/^JS 

[0 0 3 0] H4k:«$ix5± 5 lc. fTtWSrSS-t-S 

f@<£><7— K5^fyWL 1 -WLmfiymfiroyk- 
YVPLl~PL:-ff«f*f*5gt5 t X, ttJES-rSTHtC 
fiornSOtf? f-7YyBLl~BLni5#?lt5. 
m(@CD!7 — K7-fVWL l~WLmi n®Of-y h7-T 

[0031] t/^DtMi, i oco^-f yf-yy h 7 

>^^-Tr i j (CCf, i=l~m, j=l~ 
n) t^m^dr-Y^v-^CFi j TMJtlS, *Y 

A£*!/CI^5„ ^-f 7fy/f-7V^?-Tr i j (75 
®ftiIS& (current path), gpfe K > 
~ > ,— + (drain— source ch 

a n n e 1 ) 14. ttfe-f Z>ftffin.W* * # C F i j 

y*f-y>f f-7y-^^-T r i j CD-?*— h 
14, MlSt57-K7YyWLil:Sl$n5„ #J*. 
(4, t^V t^MC l 1T\ yf-sif h 7>-^^ 

-t i KDmmm^tt^mnw^^^y^c n©io 

[0 0 3 2 ] WW. 04 £#S£-f 5i. 7- h'7-fVW 
L 1 -~WL mt7 p U— h 7 'f P L 1 ~ P L ml4, ft 
7*4 =i-y[5]SS2 OtC^^KS. lT7^3-»2 
OttlocDC-K^l-^SrilKL. h*7 
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[0033] $-tfy h 7 4 >B L 1~B L n CO— #g|4. 
7 s'7^$*nls]8&3 0jC#5jgg£ft, tew— 4(814. JiJiltRlH] 
S&7 0{*g=gg£;h.£.> ig£a[H]S&3 0 l40jS£ 4 5 

7^VSAPMSAN, -?:Lr^77l'V^WU 
— 50 a{CS^$nfcn1@coy 7t I'V^fy h74V 
RBLl-RBLniijlStl, nj@©7 y ?-**Diftfi 
70 S (1 a t ch sense amplifiers) 

[0 0 3 41 y^lS*aii*ISl4. 0 4(C0^$n5 

4?tc. 2oiDCMOSisi^fifi)i;^^5 D PMOSh 
7^?-p i iNMOS b7>i?x?—N ifli 

£ n5CMO SIhJSSX 5 . h 7 — P 1 #.TJ<N 1 (O 

®fiEiISSI4, $S*0S§eSj7 4 APMS ANWPfltCit 

n. hi4^ftr>-r5 y 77v^ 

fyf^^vPBLi K*#»-te:*tt3.;h.-&. pmos h 

7>^^"P 2 iNMOS f-7>'v ; ;**--N2-T 5 ;|tJ& 
^0 $lT,5CMO S0SST*. h7Vv ; X?-P2RU!N2ro 
miSlii SS t ft *5$!*0SgK) 7 4 V S A P S A N CO Pfl lc 

>b l j t*jaic»ttsn5. ®*o^sj7-f vs ap i 

S AN i{Cf4^*0SKSi !•• </!-S4.1hISS4 0 A^ff) 2 oco 

[0 0 3 5 ] fmWMl&l 0{4. wCO^coii^cofti® 
Sr^o#(c J; < ZabinZi. nfi©NMOSh7> 

-Ot«a»tt»St 5 e y h 5 -f >-B L i tMlSi-S 
JO r-^7-fVDLy Cl^T*. y = l~k) COW^jgg 
^ix5„ f-7V^^- I4?ij-r^=t— ^ls]SS6 0*^ 

[0 0 3 6 ] !)7r \sl/X±/UT \s~ (r e f e r e n 
ce cell array) 50n 14, ii^4<*0^ 
ix«4:?lc. M$l£iri1t* ^ <J ± Mcg?ffi£tlfz7'-—y- 
'1' XI4 '0' «>Sl|!fc*5U^S:, MtSfs- 
h7-f ^5rSLT^*0[iSS3 OCO7 y f iS*aif^T!i 
W-fSo y 77 UV^.-feyUT' V— 5 0 a T"ftlCtCili)?$ 

40 ntz* * y -tr^t^-rs 9 y ^-**pii«#*C««*ii 

nfc^^ey-feryucox-^ (tfRii, t-^ ' l ' ) fcK 
a-TS l — «/>^lS]fC, ^!4^^S*i-77-f6] (W^tf, x 

'0' ) \Z'<'(TX$ti®Z 0 
[0 0 3 7 ] &Xf®4 &pm-tZ k, *5§^{C«tSFR 
AM^gl4. TCi-fe/v-T u—5 0 b-Sr^Cp. KM±/\-7 
5 o b(J/q7^ ^ixfcS2SL"<^?r^KS$ix 

50 -5 0 bl4. '>^£< t t> 2ofelJiC0 7' I — 
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ft-t^T l/-50b Srftflt-f 54>ft < £ t> 2 ofi*_h<£>7 

bti5ctr-s>5«. ^ftic*H-5l$lssi4. £^H5~E 

[0 0 3 8] ®5$r#BS-r5^, U*38ft 
n j/^Hii^^nx^So LT , M 6 £#0B-fS £ . 

*§j£&*-r ^ n y 7 ii ^ $ h,x ^ 5o 

[0 0 3 9] Btf0 5 Z&m-tZ P7r^t^ 
RMCnC0#*l4, I^T-tftSJ^ftfc^y -tr/UMC i 
j tlU-^*^ yf>/h7>v ; X!!'-RT r iSt^m 

<di owmtili, aj-ts-f 5 y 7r u-v* f */ f- >r 
b l j {c^£ft, terom^ii, !I77 n^TV— h 
y^VRPLtgS^^ *>f s/f V7" by^isx?- 
RT r (7>y- h®*II4 P7r U^7!7-- Ky-f VRWL 

[0040) -fLT, ^^yf^/i-y^y-RT 
r ^^v'^' R C F © 1 O<0Si«gi^D 

NO. DN1, D N j fif§-§- 7-f yRP S tCrMI? $ 
ftSnMO SFET - Ml £ri§ LTMt 3 -f V 

RFD I Nt-RF D T N (1*|C*J^TRFD I NIC 

tftiiDNlRO ! DN4U < 3B 1 X.tfS5 4 'J 
77 I'^t/i'RMC 1MRMC 4 S:lLt^7 -f 
VRFD I ««•<!? ft, gl/SDN2SyDN3 

J4. %S2Rtf?g3 V 77 H'^t/URMC 2&tfRMC 
3*aLTft-^7'l'>-RFD I NtC#*»tt$ft.5 0 

i©J:5it)SJ¥l:J;oTff*|S|k y 77 t^v^-ir^sc 
«#>tcf2?ij£ft5 0 
[0 04 1 ] W-tv-T >REQ(C$IJ®$ft5 nMOSF 
ET • M2 14, 3-*j-<7? P77 I'V;* h7^yRBL 
q&t/RBLq+i (#'J*.i4*, RBL1MRBL2, RB 
L3MRBL4) © HH^lfcS ft 5««RIgfr«r:fri- 
5. fS-f-REQ^iSS^/UT-^JD^ftSi, FET-M 
2 147- ^-^^ft. 771'^fs' 
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